The effect of nano-alumina and radiation on the mechanical properties of high density polyethylene hydroxyl apatite composite was investigated. The study showed that nano alumina as filler in the composite enhanced the strength of the polymer matrix and hence improved the mechanical properties of the composite. The study also showed that the mechanical properties of the composite depended on doses of nano alumina used and radiation dose of gamma ray. The maximum radiation dose used in this experiment 100 KGy is the best dose for the composite that enhances the tensile strength, impact, modulus and flexural strength. The interface behavior and strengthening mechanisms are discussed.
Introduction
Now days, a large number of research group are focused on developing of new materials for biomedical application. In the recent years, polymers are always being considered as on of the best choices due to low cost, easy handling, good compatibility, and versatile application. In previous works with HDPE as biomaterial, it was proved the low toxicity of this material by degradation in low molecular weight fragments, even reporting monomers [1] . Working with high density polyethylene (HDPE) mixed with inorganic compound like hydroxyl apatite is expected to provide data about the polymer properties. Kane et al. [2] determined the effect of HA reinforcement morphology on the mechanical properties of HA/HDPE composites under cyclic loading conditions. He concluded a fatigue testing protocol was developed and used to measure the effect of HA reinforcement morphology on the fatigue behavior of HA reinforced HDPE.
In this sense, Smolko et al. [3] studied on crosslinked hydroxyapatite-polyethylene composite as a bone-analogue material. Specimens were irradiated with g-rays up to 300 kGy. The most noticeable variation for the high-dose range is observed for the tensile strength of HA-MDPE composite, which increased slowly to reach at almost the same value as the pure MDPE matrix. In another context, the incorporation of HA resulted in an increase of the Young's Modulus and tensile strength at break for HDPE but in a decrease in tensile strength at yield and elongation. According to Wang, tensile testing results revealed that the strength and modulus of HA/chitin composite decreased with an increase in the amount of particulate HA in the composite. SEM examination of fracture surfaces showed that HA particles were separated from the chitin matrix completely after tensile tests [4] .
While Bodhak et al. [5] put their effort to study to enhance physical properties of HDPE in terms of elastic modulus and hardness, various ceramic fillers, like alumina (Al 2 O 3 ) and hydroxyapatite (HA) are added. An important result is that the combined addition of 20 vol% HA and 20 vol% Al 2 O 3 to HDPE leads to improved mechanical and wear resistance properties. From Crosby et al. [6] the presence of nanoparticles in a polymer netwoek can influence the polymer matrix in a similar manner to linear polymer matrices.
Based on what was mentioned above, the main objective of this work is modifying HDPE to be biocomposite reinforced nano-alumina filler that being modified with 3-(Trimethoxysily) propyl methacrylate (MPS) as a coupling agent. In the same way, gamma irradiation is used to promote crosslinking in order to enhance mechanical properties.
Methodology
Materials and preparation of Alumina. The nano-alumina used in this study was prepared by a sol-gel method using aluminium nitrate (ALN), aluminium peroxide (ALP) and sodium dodecyl benzene sulfonate (SDBS). ALN was stirred with 100 ml distilled water. Then ALP was added into ALN solution and stirred for 48 hours. After 48 hours, SDBS added into solution, and stir for 1 hour, then heater was turned on to 60°C until it became gel form solution. The gel solution was put in the oven at 80-85°C until solid formed and was heated up in furnace at 1200°C for 1 hour. Lastly, solid was grinded with mortar and pestle then sieved with sieve to have an average size. The nanoalumina was characterized by using election microscope (TEM) and x-ray diffraction (XRD).
The bi-functional coupling agent, (3-methacryloxypropyl) trimethoxysilane (MPS) and tetrahydrofuran (THF) used in this study was purchase from Sigma-Aldrich Chemical Company. A high-density polyethylene (HDPE) with a MFI of 4.88 g/min and Mw of 77456 g/mol supplied by Polyethylene Malaysia Sdn. Bhd was used in the preparation of the composites. The composite were irradiated using a 3 MeV electron beam accelerator NHV EPS-3000 at a required dosage.
Composite Preparation. Before nano-alumina can be used as filler in the polymer matrix, MPS was used to functionalize the nanoparticles due to its bi-functional nature: hydrolysable group (-Si(OCH 3 ) 3 ) and unsaturated carbon-carbon double bond. The amount of MPS used in this study is 4 wt% to the amount of the matrix. The treatment nano-alumina with the MPS were subjected to consisted of the following: nano-alumina was added into a mixture of MPS and THF then was ultrasonically (Branson 1510) stirred for one hour and precipitated by sedimentation at room temperature. The precipitated nano-alumina were rinsed with THF to remove the excessive MPS and dried completely in a vacuum oven at room temperature to remove the solvent.
As part for this study, the sample have been prepared through blending process by using HAAKE Rheomix 600 at conditions previously optimized of 150 o C, 50 rpm and 10 min. The nanoalumina (treated with MPS) was mixed with HDPE at different loading as 1 to 5 % to the amount of the matrix. 10 % of HA was added into the intertal mixer during compounding process.
Irradiation. The molded sheets were irradiated using a 3 MeV electron beam accelerator NHV EPS-3000 at a required dosage. The acceleration energy, beam current, and dose rate were 2 MeV, 2 mA and 20 KGy per pass, respectively. The dosage used in this experiment is 20,40,60,80, and 100 KGy.
Mechanical Testing. Tensile strength, Young's modulus and elongation at break of the HDPE and its composites were obtained using a Universal Testing Machine following ASTM D-638. The gauge length of the specimens was 10 mm and the crosshead speed was 5 mm/min. For flexural strength and modulus (ASTM D-790), the speed test was 10 mm/min and the span length was 40 mm. Impact strength was the Izod type as ASTM D-256. For each test, at least 10 specimens were used in order examine the average values of the mechanical properties.
122
Composite Science and Technology Fig. 1 shows the TEM photo of the synthesized nano-alumina. TEM has been used to measure the particle size of metal oxides before disperse into polymer resins. Besides that, in TEM images conformation of the agglomeration of the nanoparticles also can be investigate. From previous study, nano α-alumina was formed as a solid and spherical particle. Consequently, the TEM photo showed the spherical shape of the nano-alumina. In average, the size of the particle was around 20 nm to 40 nm. In other embodiment, Fig. 2 shows the diffraction spectrum of the synthesized nano alumina. There are peaks (012, 104, 110, 113, 024, 116, 122, 214, 300, and 119) corresponding to dominating sharp α-Al 2 O 3 peaks. (Fig. 3) . However, when the amount extended to 5 %, the strength dropped to 31.6 MPa but still higher than virgin HDPE strength (29.9 MPa). It is well know that the tensile strength of a particulate composite is usually reduced with filler content following a power law in the case of a poor filler/matrix bonding [7] . Fig. 4 shows the mechanical strength parameter value obtained from tensile test for different adsorbed doses. From the graph, it clearly can be seen that at dose 20 KGy, the tensile strength was decreased, but it gradually greater than before as the absorbed dose increased. The best result show at 100KGy, the composite has strength up to 27.05 MPa. This behavior may be due to crosslinking process on the polymer matrix that creates rigid regions at act as filler which absorbed most the applied load [8] . For Young's modulus of the composites irradiated at various doses, it shows the greatest Young's modulus appear at dose 100 KGy. Because of the composite shows greater stiffness that the non-irradiated composite, it causes a decline in % elongation at break [9] . Elongation at break (Fig. 5 ) showed a enormous decrease by increasing the filler content and decreased with radiation dose which was attributed to crosslinking of amorphous region [8] . Flexural test is widely accepted test in the plastic industry, because it portrays well bending load cases, which often reflect realistic. In this study, flexural strength of irradiated HDPE/HA/nano alumina (treated MPS) can be clearly seen that flexural strength of the composite are enlarged in increasing irradiation dosage (Fig. 6 ). The maximum yield strength was at 100 KGy with 26.32 MPa compare to non-irradiated sample, the yield strength only at 24.97 MPa. The flexural strength was enhanced due to improvement of the interfacial boundary by the interaction between chains in composite as the predominance of crosslinking over the composite. Also for the impact test on notced composite specimens were carried out. The test was performed to study the effect of irradiation dosage on the impact properties of crosslinked and noncrosslinked composite. From fig.  7 , it can be seen that the impact strength of the composite increased enormously when the amount of irradiation dose is increased. Especially at dose 100KGy, the impact strength improved about 49.69% from non-irradiated composite (0KGy). The enhancement in the composite impact strength was attributed to crosslinking of amorphous region. It helps absorbing impact energy from the reinforcement to the matrix; as a result, higher impact strength can be obtained [9] . 
Results and Discussion

Summary
The experimental results presented in this research show that the addition of nano alumina treated with silane coupling agent in the HDPE/HA composite was improved the tensile strength of the composite. At the final stage, gamma ray irradiation was completely showed the greater enhancement to the mechanical properties of the composite due to the impact, tensile and flexural results. However, the crosslinking effect the elongation at break of the composite.
